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1 Executive Summary 
 
The present report άaƛƎǊŀǘƛƻƴ tƭŀƴέ is going to show ways how to introduce solutions and new 
technologies under market conditions by clearly describing benefits and availability of solutions for 
shippers, operators and customers. It also considers dependencies between technologies and 
solutions in order to develop reasonable migration paths which also have to take into account the 
financial capacity (limited resources). It is therefore a compilation of relevant technology and 
innovation paths for European rail freight. The focus lies on a joint perspective of users and solution 
providers describing benefits of key technologies carried out not only in FR8HUB but also in the other 
projects of IP5. 
 
The research concludes that the development and implementation of new technologies alone will 
not be enough to attract additional transport to rail. It will be imperative to change the way services 
are provided. Contrary to what is often assumed by the sector representatives, the low 
competitiveness of rail is not due to too high costs and thus too high offer prices. Rather, today's 
service offer does not meet the expectations of a transparent, flexible and easy-to-integrate 
transport task. Lack of accessibility to and reliability of the overall system result in poor service 
quality of rail. The yardstick here is not the system itself, but modern road freight logistics, which 
have improved enormously in recent decades and today set the standards from the transport 
customer's point of view.  
 
Rail does not have to compete with road for quality reasons alone. Road also dominates those 
transport segments that are at all relevant for significant growth and additional market shares for 
rail, as studies in FR8RAIL have shown.  
 
In this respect, the challenge of the sector is not only to innovate the system technologically, to make 
loads trackable, etc.; it is also to break with previous beliefs in order to establish new, market-driven 
and highly utilised production concepts. Taking into account the economic and financial possibilities 
of the sector, the authors propose a two-part migration approach - consisting of an evolutionary path 
where previous production concepts are improved through the deployment of new solutions. This 
essentially pays for single wagonload traffic or traffic that provides for a more or less continuous 
train configuration along a route. The second migration path has a revolutionary character, breaking 
with previously mentioned compatibilities to the UIC system, providing for new wagon material in 
fixed train configurations that can be fitted into a timetable traffic due to higher running speeds and 
an overall more dynamic running behaviour, thus enabling new production concepts. Both paths are 
initially followed in parallel over a period of about 20 years, with the initial islands of innovation of 
the revolutionary approach being continuously expanded and gradually pushing back the current 
system.  
 
This should not give the impression that the costs of service provision do not play a role. The 
establishment of new concepts and the introduction of new technologies naturally also serve to 
further reduce the specific transport costs in order to survive in competition in the long term with 
expected increases in efficiency in road freight transport. 
 
Chapters 2 and 3 first give an overview of the background and objectives of work package 1 in the 
FR8HUB project and briefly describe the research approach. 
 
The fourth chapter reflects observations made by the Lighthouse project SMART-RAIL in terms of 
competitiveness considering the specific costs of road and rail transport. These are complemented 
by recent EUROSTAT publications. Furthermore, research results from SPECTRUM on transport 
trends and recent investigations of S2R cross-cutting activities on customer needs were reflected. 
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The comparison leads to the conclusion that the low competitiveness of rail freight today is not due 
to the cost position, but due to other criteria. 
 
Chapters 5 and 6 present the various solutions and technologies that are developed within the 
framework of the various IP5 projects and describes the respective innovation potential and the 
objective of a solution or technology. It is also to show possible benefits expected by the experts. 
Section 6 also describes the form in which the solutions pay into the three main KPIs of Shift2Rail 
(LCC, punctuality and capacity) and which stakeholders would benefit significantly from the market 
launch.  
 
While in Chapter 6 the effects and benefits are considered essentially without compound effect, 
Chapter 7 deals with the first research results of the CCA project IMPACT-2, that with its models 
evaluates positive as well as negative effects of the solutions in interaction with each other. 
 
Chapters 8 to 10 are then devoted to migration considerations in more detail. In addition to 
important general information on the migration of new technologies with different degrees of 
novelty (Chapter 8) there is also a section in this chapter which highlights the financial aspects of 
migration, the presumably cautious willingness to make new investments with only a slight increase 
in productivity. The ninth chapter sets out a rough timeline as to when which technologies will be 
ready for the market. The perspective of the transformation of the sector is discussed with scenarios. 
Chapter 10 presents reasonable initial steps to start the migration process with reasonable measures 
for market uptake.  
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2 Background and Objectives 
 
Generally, it is the aim of all measures in IP5 to make not only reasonable but also ambitious 
contributions to the S2R goals. Due to economic and logistical reasons, newly developed solutions 
ŎŀƴΩǘ ōŜ ƛƳǇƭŜƳŜƴǘŜŘ ŀǘ ƻƴŎŜΦ Lƴ ǎƻƳŜ ŎŀǎŜǎΣ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘκƻr solutions developed in IP5 depend 
on another. That means, the innovation measures must be put in a logical and chronological order to 
ensure a successful market uptake. Therefore, innovation graphs/paths are projected in an 
interdependence table from which the migration plan for European freight rail, market segments and 
stakeholders can be derived. The migration plan will have a great effect on the innovation capacity 
by proving that a better order of technology implementation will lead to fasters benefits for the 
customers. 
 
The migration plan is going to show ways how to introduce new technologies under market 
conditions by clearly describing benefits and availability of solutions for shippers, operators and 
customers, taking dependencies between technologies and solutions, their evolutionary steps into 
account. It is a compilation of relevant technology and innovation paths for European freight rail. The 
focus lies on a joint perspective of users and solution providers describing benefits of key 
technologies carried out not only in FR8HUB but also in the other projects of IP5.  
 
 

 

Figure 1.  V -mode l  

 
The migration plan is also following the V-model approach but as a general guidance for 
integration of different techniques, technologies and objectives in the whole of IP5 and has thereby 
a larger scope than applicable in the diagram above. 
 
The work of WP1 is carried out in three phases 

1. Identification of key technologies that are carried out in the different TDs and connections 
between them (incl. results of SMART-RAIL) 

2. Creation of a logical timeline along the different functional levels of each key 
technology/solution 

3. Evaluation of benefits to shippers, customers and operators (incl. short-term wins) 
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The compilation of the three phases will lead to the overall migration plan and is expected to be a 
consistent and realistic concept for the market introduction and European wide roll-out of the 
different technologies and solutions developed in IP5. 
 
The work break-down structure was set as follows: 
 

 

Figure 2.  Work break -down structure  of  WP1  
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3 Investigation Approach 
 
The study design follows the TD structure in IP5 and illuminates the technologies and solutions 
developed therein. First, the results of all work packages of the current projects (FFL4E, ARCC, 
FR8RAIL and FR8HUB) were examined. In part, it was necessary to fall back on the information in the 
individual project proposals. Furthermore, the experts of the TDs were approached to describe the 
future development steps planned for the upcoming projects in IP5. 
 
In order to develop a migration strategy, it is fundamentally important to describe the status quo of 
the sector and to develop a common understanding of it without blinkers in the sector. For this 
study, the results of business analytics (TD5.5) from FR8RAIL were used, early study results from 
SMART-RAIL, SPECTRUM were consulted and a close exchange with the activities in CCA was sought. 
Further analyses and modelling were carried out on this basis.  
 
The results and first migration approaches were discussed in a one-and-a-half-day workshop at the 
end of February 2020 with numerous experts from RU, IM, industry, science and politics. In addition 
to the current and future competitive situation (to the road), the impact of various solution levers 
and the results of the KPI assessment known to date were also discussed. The second day was used 
intensively for the presentation and discussion of the two-part migration approach of evolution and 
revolution. The findings and opinions of the workshop have been incorporated into the present 
document at various points. 
 
As described above, the identification of the relevant technologies and solutions follows the TD 
structure of IP5. As can be seen from the graph below, the technology and solution-oriented TDs are 
relevant for the analysis. These are TD5.1 to TD5.4 and are examined in more detail. 
 
 

 

Figure 3.  TD structure of  IP5  
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4 Operations and Competitiveness in Transport Business 
 
This chapter mainly deals with the current state of the railways - not only in terms of costs but also 
the services offered by the sector as a whole. It outlines some trends in the transport sector and 
customers' requirements or expectations of rail freight. Since the additional market shares must be 
taken from the road, the importance of LDHV goods is described and comparisons are also made 
with road freight logistics where appropriate. Research results from previous projects (also outside 
Shift2Rail) will also be used. 
 

4.1 SMART-RAIL Recognitions and Recommendations 

The Light House project SMART-RAIL did recommend to Shift2Rail IP5 not focussing so much on 
improvements on the market segments which are successfully served today by rail, because in this 
segments rail is obviously competitive under cost considerations.  
 
Indeed, the calculations of the average costs of transport per tonne-km show that the cost of rail 
production (4 to 5 ct/tkm) is significantly lower than the one on road (Figure 4). The recent 
calculations within Shift2Rail project Impact-2 confirms this recognition when presenting even lower 
values between 3 and 4 ct/tkm.  
 

 

Figure 4.  Specif ic  c osts of  land -based transpor t  

 
SMART-RAIL deducted from this fact, that beside cost there must be other severe disadvantages in 
rail offering to the transport market so that most of the market segments became dominated by 
road. Summarized in findings on the weak competitiveness of the freight rail sector the outcome of 
SMART-RAIL can be described as follows: 
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¶ Transparency: No digital workflow from end-to-end. Shippers and Forwarders and their 
customer do not get the right status of the transport in time.  

¶ Efficiency: direct rail transport costs only +/- 50% of total rail related Supply Chain Costs 
(Shunting, transfer to marshalling yards, train set-up, complexity costs, waiting time) 
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¶ Innovation: Rail sector is captured in mutual dependencies between the various involved 
companies and stakeholders. The status quo is very hardly to change.  

¶ Flexibility: The adaptability of the production system to incidents in operation is not part of 
its design. 

 
Among these enumerations, the cost efficiency is only one point out of five and 40 to 50 % of the 
total cost are related to additional cost caused by the rail production process and not by the 
transport itself. SMART-RAIL recommendation is therefore to put the emphasis on improving the 
total offering to the transport market to gain market share in the road domains. This should be 
achieved by focussing on: 

¶ Reducing complexity of the production process 

¶ Changing mind-set from Rail operator so service provider with strong cooperation vertical 
and horizontal in the transport sector and 

¶ Digitalization of the production process and integrating them in the overall supply chain of 
the logistic markets. 

 
The cost position of rail had been controversially discussed with stakeholders in the ²tмΩǎ workshop 
on migration plan activities in February 20202 as the presented facts do not fit to the common 
perception on the reasons for the lack of competitiveness of rail. A cross check on the published 
annual reports gave strong evidence that the calculation from SPECTRUM have been correct. The 
following tables shows turnover plus losses divided by the traffic performance for DB Cargo and 
Green Cargo. The values are within the range of the calculation from SPECTRUM (see table 

 
 

DB Cargo 2018     

Turnover (total) 4.460.000.000  Euro 

Loss 190.000.000 Euro 

Transport performance 88.237.000.000  tkm 

Turnover per tkm 5,055 ϵŎǘκǘƪƳ 

 

Green Cargo 2017     

Turnover (total) 4.300.000.000  SEK 

Loss 122.000.000 Euro 

ŜȄŎƘŀƴƎŜ ǊŀǘŜ {9Yκϵ 0,10    

Transport performance 11.800.000.000  tkm 

Turnover per tkm 3,644  ϵŎǘκǘƪƳ 

 
 
That means, that the rail sector must totally re-invent its production systems to really become 
competitive with the road. It is not promising to focus on efficiency when the freight rail sector is not 
able to turn the better cost position in success in the transport market today. Shorter lead time, 
reliable prediction, transparancy and better responsiveness to the customer needs must be the 
imperative. 
 
The investigations within FR8Hub confirm this view on the current status of rail freight transport. The 
migration plan must put therefore strong attention to improving the competitiveness in the market 
which are currently dominated by road. Nonetheless, looking one decade ahead the possibilities in 

Table 1: Compa r ison of  turnover  per  tkm at DB Cargo and 
Green Cargo as evidence of  low compet i t iveness  of  rai l  
f re ight services  
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improving the market position in the core markets of freight rail should not be lost in perspective, 
because the cost reduction of road transport when changing to autonomous operation and 
platooning can be up to 50 %. The road average cost of transport will then be in the range of the rail 
freight transport today, which could cause further down take of the modal share for rail. 
 

4.2 SPECTRUM Project and the Relevance of LDHV Goods  

SPECTRUM (project acronym for Solutions and Processes to Enhance the Competitiveness of 
Transport by Rail in Unexploited Markets) has explored the market opportunities for transport of low 
density, high value (LDHV) goods, utilising new and innovative rail concepts. Focus was on the 
extension of existing 21st century rail services and more visionary rail logistics services. Its research 
was built upon with an assessment of existing conceptual designs and a shift in focus to assess 
technical and operational requirements. 
 
The project (duration 2011 to 2015) developed a detailed design concept for a high-performance 
freight train that is lightweight, has running performance characteristics that allow mixed operation 
with passenger services, and is capable of accommodating the required types of freight container 
units. The design work included: 
 

¶ Optimised, lightweight, energy-efficient freight wagon structures 

¶ High-speed running gear, including brakes and vehicle dynamics 

¶ Electrical systems and coupling arrangements 

¶ The handling of freight container units 
 
The following remarks take up parts of the market investigations at that time and summarise the 
essential findings In addition to market trends and logistical requirements, the importance of 
containerised transports and the so-called LDHV goods (see FR8RAIL deliverable D1.1 for further 
explanation and definition) is addressed in particular.  
 

4.2.1 General Market Trends 

One of the trends identified by SPECTRUM was a possible (partial) reversal of globalised flows of 
goods through in-shoring/in-sourcing. Focusing on the member states of the European Union, some 
industries have already completely moved outside the EU (e.g. manufacturing of shoes, textiles), 
whereas the location structure of others can be characterised by global production networks with an 
intense internal exchange of components and semi-finished products (e.g. automotive or chemical 
industry). 
 
Today, due to a couple of known effects (e.g. higher energy prices and labour costs) going hand in 
hand with globalization, for some of the goods, the trend might be reversed, so that there would be 
in-sourcing/in-shoring instead of outsourcing/off-shoring (i.e. reverse sourcing of manufacturing and 
production activities). The current Corona pandemic underlines the importance of national 
manufacturing and production capacities and leads to a public debate about the limits of 
globalisation and a partly demanded return to national production activities. 
 
Such a reversal will have an impact on the origins/destinations of the flows of goods or on the 
logistical parameters. Among other factors In-shoring may include: 

¶ Lower logistical risks 

¶ Shorter delivery times to domestic clients 

¶ Quality issues 

¶ Improved time-to-react (flexibility) 
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¶ More chances to establish a quality management across the supply chain 

¶ Improved intra-company communication (language, culture, media) 

¶ Legal certainty1 
 
SPECTRUM further points to the increasing congestion of Europe's transport infrastructure when it 
comes to backshifting of production activities. In the longer term, road and rail infrastructure with 
current methods, systems and business models might not easily be able to cope with the increase in 
freight traffic, which is already the case especially around conurbations of European metropolises 
and along some European transport corridors. 
 
Supply and production networks would have to adapt to the capacity of the infrastructure or use 
alternative modes of transport. This would mean regional supply and production networks consisting 
of a larger number of less specialised production sites supplied by local suppliers and serving local 
customers 
 
Such a scenario would have different impacts on the transport economy: There would be more 
continental and less intercontinental freight, which would undoubtedly lead to a lower volume of air 
and sea freight. In addition, average transport distances would decrease and there would be more 
regional freight transport. Customers would become accustomed to shorter turnaround/lead 
times. If rail freight services are to participate in the growth of such segments of the freight market,  

¶ they must offer fast and frequent connections that are economical over short distances 
(even when transporting smaller freight volumes),  

¶ and they must operate on rail networks with a large number of regional access points.  
 
In other words, time accessibility and spatial accessibility of the services (accessibility to the overall 
system) should be high. It has long been known and is still pervasive today that trends in 
infrastructure show the opposite of this requirement, with the elimination of sidings, terminals, 
tracks and lines and the concentration of functions in larger but fewer facilities. 
 
The overwrought and manifest focus on cost cutting and the elimination of lines and sidings over 
several decades across Europe is now effectively excluding rail from certain markets unless 
significant investment in infrastructure is made and different technical, commercial and new 
operational models are used to restore capacity and performance. 
 
Products, orders and deliveries & City logistics.  
The following four points are pertinent: 

1. more product customisation;  
2. toward increasingly compact products (this is expected to improve the cost-benefit ratio of 

express delivery by decreasing the transportation cost share);  
3. the increasing value of products requires rapid transportation, because companies want to 

reduce the interest costs bound up in stock and inventories;  
4. more varied, frequent, faster and more reliable deliveries; more focus on service quality 

rather than on delivery price. 
 

Again, the extra value that is created may accrue to the HV segment. Rapid transportation may 
create possibilities for transport by rail, given an area where this has a comparative advantage above 
road transport. Such areas may exist, where for example it is easier for trains to penetrate and 
operate in urban areas or where certain inter-urban roads are heavily congested. The increasing 
urbanisation of the population raises the importance of city logistics concepts such as freight 

 
1 Spectrum, D1.3, p. 27/28 
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consolidation schemes and the interfaces with long-distance transport networks and services. 
Benefits can only be realised with the existence of efficient connections between rail networks and 
urban transport networks.2 
 

4.2.2 Transport Trends 

SPECTRUM also describes the change in freight characteristics and cargo properties. Throughout the 
last decades, in Europe, there have been changes in the characteristics of freight. These changes had 
an effect on transport and logistics. Resulting from the socio-economic development, a shift can be 
observed: There is less bulk to be carried, and more general cargo. In more detail, as the steel 
industry, the primary industry, and the building industry have lost a notable part of its importance, so 
the total transport volume consists of less coal, ore and petroleum products and fewer minerals. For 
example in Germany, between 1998 and 2007, the share of these goods in total inland transport 
volume continuously diminished from almost 63 % to less than 51%.  
 
Because of their low value, these bulk goods are sensitive to high transport costs, so they require low 
cost transport. Also, bulk is usually transported in large volumes, as larger volumes are ordered. It 
has lower demands on transport service quality (speed, punctuality), because the supply and 
demand flow to/from the industrial facilities is continuous and capital costs of the load play a minor 
role. Taking into account the features of the transport modes, this leads to a high affinity to railway 
(and inland waterway) transport, which has its strengths in the cost-efficient carriage of larger 
volumes. These transports offer a wholly different logistical performance than those being mostly 
covered by road transport.3 
 
DŜƴŜǊŀƭ ŎŀǊƎƻ Ƙŀǎ ŀ ƭƻǿŜǊ ŘŜƴǎƛǘȅ όŜȄǇǊŜǎǎŜŘ ƛƴ ƪƎκƳоύ ŀƴŘ ŀ ƘƛƎƘŜǊ ǾŀƭǳŜ όŜȄǇǊŜǎǎŜŘ ƛƴ ϵκƪƎύΦ 5ǳŜ 
to the latter, it is less sensitive to transport costs than bulk. Because of the high capital costs of the 
cargo, it requires a faster and much more time-definite delivery. The impact of capital costs 
dominates the impact of transport costs, which leads to a choice of fast and expensive transport 
options (e.g. air cargo). In addition, shippers and consignees usually request flexibility in transport 
planning and execution. As a trend for the transport industry, SPECTRUM points out that the cargo 
consists more and more of smaller and lighter goods. Instead of full truckloads, smaller lot sizes of 
general cargo need less-than-truckload transport services. Today, these consignments are mostly 
transported in groupage, pallet or parcel networks using consolidation hubs. The changed goods 
structure has a much higher affinity with trucks, which offer smaller capacities, a faster delivery, and 
a more flexible deployment.4 
 
With regard to infrastructure, SPECTRUM, as well as the studies in FR8RAIL (D1.2 Top Level 
Requirements), points to the need to integrate rail freight with faster and more dynamic passenger 
transport. Especially within Europe the densely used networks for mixed traffic face operational 
problems resulting from the different characteristics of passenger and freight transport (e.g. speed, 
acceleration and braking). The requirements of passenger and freight transport on the railway 
infrastructure are very different. On less heavily used lines, the common use of passenger and freight 
trains is normally not a big problem, but on heavily used main lines this can pose problems. The main 
problem is the different speeds of (generally faster) long distance passenger trains and freight trains, 
but also the different stopping patterns of regional trains calling all/many stations. It would be 
preferable for long distance freight trains to have no intermediate stops or be queuing as a result of 
interaction with regional or stopping passenger services. In most cases freight trains have to wait 
while passenger trains are passing. Another problem is that freight trains need more flexible 

 
2 Spectrum, D1.3, p. 29 
3 Spectrum, D1.1, p. 16 
4 Spectrum, D1.1, p. 17 
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timetables, because the actual departure of a freight train depends on many variables, e.g. the need 
of the shipper, the loading process and necessary waiting times because of passing passenger trains. 
Whereas passenger trains have a fixed timetable and should stick to it, in order to make the 
customer an attractive offer. Generally, the ideal solution for these problems would be the effective 
separation of passenger and freight on different lines. This is often not possible. In these cases, a 
more flexible operation is often required. For freight trains there could be several freight priority 
slots distributed over the day. These slots can be used flexibly for freight trains if necessary. With this 
solution the differing requirements of passenger and freight trains can best be accommodated.5 
 

4.2.3 The Importance of Containerised Cargo/Loading Units for Rail Freight Transport. 

The global market is witnessing a growing relevance of the container as the preferred loading unit. 
The ability to move trailer-sized loads seamlessly between different modes of transport has 
revolutionised the international flow of goods to a remarkable extent by consistently reducing 
transport costs: 

¶ Door-to-door transport: the average time in port decreased from 3 weeks (pre-container 
scenario) to 18 hours or less. 

¶ Labour costs: the productivity grew from 0.627 tons per man-hour (pre-container scenario) 
to 4234 tons per man-hour. 

¶ Cargo loss and damage.6 
 

Essentially the container made shipping and the following inland leg of transport much faster and 
cheaper. At a global scale, the annual rate of growth of containerised trade has been equal to 12% in 
the 2001-2005 time-frame and is estimated to be 6.5 % per year until the end of 2011. The share of 
goods carried by containers is around 80 % in the developed countries and around 30% in developing 
countries, suggesting that a continuous diffusion of this type of loading unit will continue to take 
place. 
 
SPECTRUM was right: A look at current figures shows that the development of global loading 
capacities has increased constantly despite interim overcapacities and the associated consolidation 
among shipping companies (see Figure 5). 
 

 
5 SPESTRUM, D1.3, p. 37 
6 SPECTRUM, D1.3, p. 31 
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Figure 5.  Capaci ty of  the global container  ship f leet in the years 2006 to 
20187 

 
Furthermore, increased use of optimised loading units such as hi-cube containers and low-axle 
vehicles (which increase space of vehicles inside the weight limit of vehicle type) and the use of 
longer and heavier vehicles have an impact on the transport market and can provide benefits for 
intermodal transport.  
 
Rail has not always been ready to recognise or respond these changes leading to a loss of market 
share. Road transport has been much more adaptable and pro-active in the development of new 
technical ŀƴŘ ŎƻƳƳŜǊŎƛŀƭ ƻŦŦŜǊǎ ŀǎ ǎƘƛǇǇŜǊǎΩ ǊŜǉǳƛǊŜƳŜƴǘǎ ƘŀǾŜ ŜƳŜǊƎŜŘ ŀƴŘ ŜǾƻƭǾŜŘ όǎŜŜ ŀƭǎƻ 
chapter 8.6 Sector Organisation and Solidification). 
 
The preceding presentations from Spectrum, current figures as well as the market analysis in FR8RAIL 
on the market segments and the potential derived from them underline the enormous importance of 
containers/interchangeable loading units - also for gaining market share on the railways. 
Containerised goods and LDHV goods are target segments to which the IP5 has also committed itself 
with the advanced and future-oriented wagon concept of the Extended Market Wagon (EMW), 
because these are dominated by truck-based. Only here will it be possible to gain the market shares 
desired and demanded by the EU. 
 

4.3 Freight Customer Needs ς Findings of S2R CCA  

The main goal of Shift2Rail is to develop technologies and promote innovations that not only 
improve the rail system, but also make it much more attractive to attract more passengers and 
transport more goods compared to other modes of transport. And for this, it is important to know 
the needs of the customers. Previous research projects have dealt with this (see previously cited 
studies or projects). However, in order to identify potential for improvement and to derive 
requirements, it is also necessary to mirror the current perception of the sector. This is exactly what 

 
7 Statista.de based on data of Clarkson Research Services; MDS Transmodal; Ernst Russ; 
Norddeutsche Landesbank, 2021  
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a study of cross-cutting activities has done for IP5, i.e. rail freight transport, and has developed 
criteria that have been assessed by customers with regard to current performance (sector 
perceptionύ ŀƴŘ ǘƻŘŀȅΩǎ ŀƴŘ ŦǳǘǳǊŜ ƛƳǇƻǊǘŀƴŎŜΦ To address both wagon technologies CMW and 
EMW, rail affine customers and others that mainly transport LDHV goods were asked. 
 
The figure below shows the point ratings for various criteria relevant to the transport decision. The 
columns represent the importance or significance of the criteria for the decision to transport by rail. 
The grey columns represent today's importance and the light green columns above them reflect the 
future importance. It can thus be stated that all criteria are gaining in importance for future 
transport decisions. In other words, customers are once again raising the bar for the performance of 
rail when they consider transport by rail. 
 

 

Figure 6.  CCA investiga tion on f reight customer needs  

 
The purple line represents the current state, i.e. how customers assess the performance of rail-based 
transport today. It is confirmed that rail does not meet expectations in the majority of criteria. The 
gaps between actual and target are particularly large and thus can be interpreted as the degree of 
underperformance for: 

¶ reliability,  

¶ flexibility, 

¶ infrastructure,  

¶ simplicity and 

¶ traceability.  
 
This again confirms similar studies on customer needs from earlier studies and projects (partly from 
the early 2000s). The current results further illustrate that apparently the last decade was also not or 
only insufficiently used to address these open points in competition with the road.  
 
Likewise, two other criteria stand out where the deviation is similarly large: price and speed.  
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As was pointed out in chapter 4.1, the specific costs of transport are lower on rail than on road. 
However, in CCA's research, the price does not seem to meet the customers' expectation - it is 
obviously perceived as too high. One explanation may be that the rail network is less dense than the 
road network, making it inevitable to travel a longer distance by rail for the same transport task than 
by road; with the consequence that price and speed or transport time increase to the disadvantage 
of rail. In addition to the less dense rail network, the location and number of access points 
(terminals, sidings) are also important for the transport distance by rail.  
 
The distance efficiency seems to be lower than on the road. In the end, the cost advantages related 
to the specific costs cannot be used to the advantage of rail. The parameter "distance efficiency" and 
its possibly underestimated importance will be discussed in more detail in the sensitivity analyses in 
chapter 7.2. 
 
However, it should be noted here that with the price, a criterion that directly affects the transport 
decision in favour of rail or against rail is not used for competitive advantage. As CCA correctly 
assesses in our opinion, the "direct criteria" are influenced by both technology and processes. 
Against the background of poorer distance efficiency, it is therefore necessary to develop 
alternatives to today's established production concepts (see following chapter 4.4). 
 
 

4.4 Future Production Modes for a competitive Rail Freight System 

When addressing a shift of road freight transport to rail the absolute driver for any progress in the 
rail systems will be to fulfil the needs of the shippers and its customers, which have been preferring 
road transport for decades. This implies a critical view of freight train operations to assure that the 
future wagon design will fit to operational modes that really could compete with the road transport. 
 
To make the production process on rail as productive as possible the focus should be on block train 
operations in the future according to the results of the FR8RAIL Market investigation8:  

¶ either in Point-to-Point mode (P2P-train) as it is used today for factory to factory transports 

ǿƛǘƘ ƭŀǊƎŜ ǉǳŀƴǘƛǘƛŜǎ ƻŦ ƎƻƻŘǎ ƻǊ ƛƴ ǘƘŜ άIŀŦŜƴƘƛƴǘŜǊƭŀƴŘέ-traffic (Figure 7) or  

 

Figure 7.  Operationa l  mode 1 - Point - to -Point  (P2P) 

 

 
8 FR8RAIL D1.2 Top level requirements, development of technical specifications for wagon 
application, p. 8-10 

Mode 1 Point-to-Point P2P train

ÁBlock train
ÁFixed Time tableoperation
ÁLoading/deloadingat End-Points 

A B
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¶ with a Closed Train Loop on a timetable basis to attract container and swap body transports 

to the rail system at terminals where the loading and de-loading are operated. 

 

 

Figure 8.  Operationa l  mode 2 - C losed Train Loop  (CTL)  

 
 
Block train operation in this sense is defined as a mode in which the train set will remain unchanged 
for a long period of time. Disassembling should only occur in case of repair and overhauling work not 
as part of the operational process itself. The advantage of the block train is obviously that any cost 
and time-consuming processes for the train formation will be eliminated.  
 
The single wagon load business which is often discussed in the railway industry is not competitive 
against the road offerings as the process of production with feeding, re-formation of trains and de-
assembling and distribution to the final destination is too ineffective and too expensive. To relaunch 
SWL to the transport market successfully and to re-enter the groupage business it is necessary to 
streamline the production process on rail and link it to the transport modes on road. Therefore, this 
type of business should be organised on a timetable basis and allow decentralised train formation 
where the transport market is asking for it and not where marshalling yards seems to be well 
positioned from a rail network point of view. This means that the train and respectively the wagon 
must be able for an atomized and autonomous train formation in small stations with a minimum 
number of tracks, switches and crossings. Obviously, the intelligence must be transferred partly from 
the infrastructure to the train itself.  
 
The operational mode can be described as an Open Train Loop OTL as the train follows a fixed 
schedule but changes the formation partly at every planned stop. 
 

ÁBlock train
ÁFixed timetableoperation
ÁLoading/unloadingat pre-defined

terminals
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C
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Figure 9.  Operationa l  mode 3 - Open Train Loop  (OTL)  

 
In the migration phase the wagons for OTL operations can be used in the marshalling yard as well - 
with some restrictions which will be discussed in the following chapters.9 
 
The production modes presented here lead to significantly higher productivity in terms of the use of 
production resources and reduce or eliminate complex and costly processes on the infrastructure 
side.10 Furthermore, they significantly reduce the specific personnel requirements for rail freight 
transport, because all three production processes are designed to keep the freight train moving as 
much as possible, i.e. the share of pure transport time increases. Therefore, for example, not only 
the number of vehicles required decreases significantly, but also the need for operating staff. 
 

   

 
9 FR8RAIL D1.2 Top level requirements, p. 8-10 
10 FR8RAIL D1.2 Top level requirements, p. 10 
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5 Identification of Key Technologies ς Description of identified 
Solutions 

 

5.1 Digitization & Automation Rail Systems (TD 5.1) 

5.1.1 Condition Based Maintenance 

Maintenance related expenses are one of the largest contributors to the LCC of the railway system. 
For example, DB Netz in 2012 estimated the maintenance costs to be over 50 % of the LCC, without 
the effect of unavailability. On the other hand, in dense traffic lines the availability of the lines is the 
key parameter that monitors the maintenance schedules. The cost of unavailability and the penalties 
that maintenance service providers suffer are huge and impact directly in the profitability of the 
companies. 
 
Consequently, maintenance service providers of train operating companies are very concerned 
optimizing on one hand the cost of maintenance services and on the other the risks associated to the 
operation. The FR8HUB consortium will develop technologies and processes part of the overall CBM 
strategy that will optimize cost while maintaining the safe operation. The technologies developed in 
the area of CBM are expected to reduce the maintenance cost in a range of 10 %. This will contribute 
to reduce the operational costs of rail freight transportation. 
 
Condition based and predictive maintenance will achieve a paradigm shift from costly predetermined 
to cost efficient condition based and predictive maintenance due to monitoring the component 
status.11 
 

Innovation Potential FR8RAIL1 

Condition based maintenance will change completely the organizational model of maintenance 
services where maintenance units traditionally work like a production chain reducing the number of 
human resources at expenses of the availability of the asset. Condition based maintenance will 
provoke a change of paradigm in maintenance process and will evolve to a situation where the 
information about the asset is the driving force and all the operations are focused on reducing asset 
unavailability.12 
 

Innovation Potential FR8HUB 

At the end of Shift2Rail the ambition related to the Condition Based Maintenance (CBM) strategy is 
to reach TRL 7. Savings will result both through the avoidance of services pre-determined by long 
standing maintenance guidelines and through the significantly improved reliability of rolling stock 
meaning more productive hours. CBM will result in more and more accurate forecasts overtime, as 
the amount of data from the component monitoring becomes big data which at the end turns to 
smart data, to be processed into advanced status warnings and allocated to the ideal maintenance 
shops. Beyond the intelligence of system functions i.e. recognition of patterns and neural 
prognostics, the core innovation of CBM takes place at the process level.13 
 
  

 
11 FR8RAIL proposal, p. 19 
12 FR8RAIL proposal, p. 17 
13 FR8HUB proposal, p. 22 
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Objectives FR8RAIL 

The condition based and predictive maintenance project focuses in the first stage on: 

¶ Develop an overall condition based and predictive maintenance strategy for rail freight 
rolling stock (locomotives and wagons) in alignment with all overall Shift2Rail targets. 

¶ Definition of new roles (e.g. reliability engineering) and responsibilities (e.g. technical 
support) in the interaction of the area asset, fleet and maintenance management. 

¶ Develop a condition based and predictive maintenance program based on specific 
locomotives and based on several components 

 
At a later stage of Shift2Rail (in successive projects) it is foreseen to combine the experiences, lessons 
learned and the basis which will be set by WP 3-Telematics and electrification for freight wagons 
(electrification, on-board-units and wagon monitoring system) and the CBM experience from 
locomotives to include freight wagons into the CBM strategy. In this first call the integration of the 
condition based and predictive maintenance strategy will mainly focus on locomotives and the basis 
for wagon integration will be set.14 
 

Objectives FR8HUB 

Wheel flatness, ovalisation and poligonisation, degradation of suspension, and degradation of 
bearings are considered the most critical failures, which trigger wagon maintenance. State of the art 
technology can capture physical variables to monitor their performance. 
 
However, there are not cost-effective solutions connected with reference values capable of providing 
recommendation and alarms to trigger maintenance actions. One of the bottlenecks is the 
development of algorithms adapted to specific sensors and the integration of the data within a 
maintenance information system. Therefore, research in three areas was proposed: 
ω Specification of sensors selected for the monitoring of physical parameters, which will early 

inform about most typical failures of wagon components and development of ad-hoc 
algorithms for identification of health status and degradation trends. 

ω Laboratory tests to acquire data of the failure of the wagon components to be monitored. 
ω Synchronization of measured values in position in the vehicle and the route, and timing. This 

will allow the filtering of externally generated noise that might trigger false alarms, e.g. 
squats or rail corrugation might be perceived as a failure in the axle bearing. 

ω For a commercially attractive solution, it is required the use of wireless communication 
system with low power and low data rate, therefore the development of efficient pre-
processing and compression of information it is necessary. 

ω A Field test campaign of the design covered in this WP will be carried out.15 
 

5.1.2 Automatic Coupling 

A general characteristic of the railway system is the joining of individual vehicles (mostly locomotives 
and wagons in the freight operation) to train sets. These vehicles are mechanically connected by use 
of mainly screw couplers to allow safe operation. 
 
An Automatic Coupler (AC) is any type of coupler, which is not fully hand operated (manual). It is 
easy visible by the exclusion of e.g. screw couplers, link and pin couplers, hook couplers.16 
 

 
14 FR8RAIL proposal, page 33 
15 FR8HUB proposal, page 37 
16 FR8RAIL D5.1 - State of the Art on Automatic Couplers, page 9 
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The attempts to introduce automatic couplers (AC) are almost as old as the railways are. Several 
different designs have been developed over time. Resulting from the specific situation in Europe 
sometimes quite sophisticated types of AC have been designed, but due to the fractured structure of 
the European Railway system no general decision for an introduction in a wider scale was taken and 
executed.17  
 
Different technical principles are possible and have been realized in the technical history and so are 
crucial to achieve the possible levels of automation: 
 
Manual coupler - /ƻǳǇƭƛƴƎ ŀƴŘ ǳƴŎƻǳǇƭƛƴƎ ƛǎ ŘƻƴŜ ōȅ ƘŀƴŘΥ ŜΦƎΦ ǎŎǊŜǿ ŎƻǳǇƭŜǊ ƻǊ άƭƛƴƪ ŀƴŘ Ǉƛƴέ 
coupler. Operation when coupling: bring the buffers or couplers in contact, then fix and tighten the 
screw coupler or insert the pins into the coupling links. 
 
Semi-automatic coupler - Coupling is executed automatically, when the vehicles are shunted in tight 
contact with a certain speed or force; this enables the latching mechanism to connect both couplers. 
But uncoupling is still triggered by hand, in most cases by removing parts of the latching mechanism 
with a handle. Also, manual coupling / uncoupling of the air pipe and electric connection for signals 
and power are specific for semi-automatic couplers. From that point of view all existing types of AC 
in freight operation are semi-automatic. 
 
Automatic coupler - the coupling process here is almost the same as with the semi-automatic 
couplers: Automatic coupling, when wagons get in contact at a certain speed. Additionally, in this 
process also the connections of brake pipes and, if equipped with such devices, connections for 
signals and electricity are executed. Uncoupling, when needed, is remote controlled. No manual 
interference at the couplers is necessary.18 
 

Table 2.  Coupler  types def ined in the FR8RAIL project w ith dif ferent leve ls 
of  automation  and functional i ty 19 

Coupler type  Category Description (automated functions)  

Type 1  Manual Mechanical coupling  

Type 2  Semi Type 1 + automatic coupling of air pipe  

Type 3  Semi Type 2 + automatic coupling of power and data bus line  

Type 4  Semi Type 3 + automatic de-coupling (manually actuated at wagon)  

Type 5  Automatic Type 3 + automatic de-coupling (remote-controlled)  

 

Innovation Potential FR8RAIL1 

Automated couplers will enable safer and more efficient terminal handling along with longer trains. 
 

Innovation Potential FR8RAIL2 

The automatic coupling will reduce operating costs in the vehicle composition and in the 
infrastructure. The infrastructure will be utilized more efficiently, operating longer trains at higher 
speeds. The new coupling will introduce additional features like the electric power connection in the 
wagons, enabling additional functionalities such as traceability, load monitoring and CBM. 
 

 
17 FR8RAIL D5.1 - State of the Art on Automatic Couplers, page 2 
18 FR8RAIL D5.1 - State of the Art on Automatic Couplers, page 9 
19 FR8RAIL D5.6 - Migration Plan for Automatic Couplers, page 15 
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5.1.3 Freight ATO / C-DAS 

Communication between infrastructure managers and railway undertakings to manage the daily 
operations is most crucial for punctuality, capacity optimization and energy consumption. Today, 
only very few driver advisory systems on freight locomotives are connected to the IMsΩ Traffic 
Management Systems. Connected Driver Advisory Systems (C-DAS) will improve communication 
between IM and RU and reduce energy consumption by developing selected D-DAS functions. 
 
The automation of activities today performed manually, such as for instance the train data entry for 
the start of mission under ETCS, the freight train brake tests or low speed shunting activities with 
more than one operator, will improve the overall operational efficiency. More important than the 
efficiency improvement itself, the automation of these activities is going to be key for the future ATO 
with grade of automation four (GoA4). 
 
The International Association of Public Transport (UITP) Grades of Automation (GoA) system defines 
the degree of automation according to the level of responsibility assigned to the train control 
system. There are five grades: 
 
GoA 0: manual operation with no automatic train protection 
GoA 1: manual operation with automatic train protection 
GoA 2: semi-automatic train operation (STO) 
GoA 3: driverless train operation (DTO), and 
GoA 4: unattended train operation (UTO). 
 
Automated Brake Test 
This analysis is followed by proposals for two solutions for automated brake testing, one for a partial 
automation, one for full automation of the brake test. In the first solution, partial automation, any 
extra equipment required onboard the rolling stock is concentrated to the locomotive and the 
provision of certain lineside equipment ς i.e. no modification of wagons is needed. This solution aims 
ŀǘ ƭƻǿ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ōŀǊǊƛŜǊǎ ŀƴŘ ǎƘƻǊǘ ƛƴǘǊƻŘǳŎǘƛƻƴ ǘƛƳŜǎΣ ǘƘǳǎ ōŜƛƴƎ ŀōƭŜ ǘƻ ŘŜƭƛǾŜǊ άǉǳƛŎƪ ǿƛƴǎέ 
to the rail freight industry; it is partly based on innovative solutions to brake testing recently 
implemented in freight train operations in Canada.20 
 
The second solution, full automation, eliminates entirely any manual interaction along the train. It 
reduces the time-consumption for brake testing even further and does not require any lineside 
equipment. At the same time, it requires in addition to an onboard unit on the locomotive the 
equipment of all wagons in a train with sensors, electric power for the sensors and data 
transmission, and either the use of automated couplers with an integrated data transmission cable or 
wireless data transmission to the locomotive; the system must have the capability to identify the 
order of wagons in a train. It requires also that certain other tasks, which are not part of the brake 
test as such, but which today are carried out in the context of the manual brake-testing procedures, 
can be automated. Thus, migration barriers for this solution are higher, while at the same time 
certain other innovations required for its implementation ς such as a train-bus for data transmission 
along the train, electric power supply on the wagons and possibly automatic couplers ς also deliver 
other important benefits beyond the automation of the brake test. 21 The brake test is then one 
function among others of an intelligent freight wagon.  
 

Innovation Potential FR8RAIL1 

 
20 ARCC D1.3 - Automated Brake Test, page 2, 3  
21 ARCC D1.3 - Automated Brake Test, page 2, 3 
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Communication between IM and RU to manage the daily operations is most crucial for punctuality, 
capacity optimization and energy consumption. Today, only very few driver advisory systems on 
freight locomotives are connected to IMs traffic management systems. C-DAS will improve 
communication between IM and RU and reduce energy consumption by developing selected D-DAS 
functions. 
 

5.2 Digital Network Management (TD 5.2) 

Network management is the management of train activities on the line, and the impact on train 
operations that yard operations may have. The range of planning processes in railway operations 
today includes mainly timetable, infrastructure, vehicle scheduling, construction sites and crew 
management. There are also different planning horizons in which these processes can be considered. 
 
The most general classification corresponds to the underlying railway operations management 
processes for strategic planning, tactical planning as well as operational traffic control and train 
driving. The planning processes within the scope of network management are short-term (daily 
timetable up to 1 year) and planning within the operational process, i.e. the ad-hoc planning process. 
For example, ƛƴ {ǿŜŘŜƴΣ ¢ǊŀŦƛƪǾŜǊƪŜǘΩǎ ǇƭŀƴƴƛƴƎ ŘŜǇŀǊǘƳŜƴǘ ƘŀƴŘǎ ƻǾŜǊ ǘƘŜ Řŀƛƭȅ ǘƛƳŜǘŀōƭŜ ǘƻ 
operational process at 3 p.m. the day before operation. The operational process, where the real-time 
traffic plan is updated, is also in scope. 
 

5.2.1 Improved Methods for Timetable Planning 

Basically, timetable planning can be divided into three main phases, the annual working timetable 
planning, the short term and ad hoc planning and last the planning during operations.  
 
The annual working timetable planning/long-term planning process is often considered to start 
with the publication of the network statement (NS) one year in advance. The NS describes the 
preconditions for operating trains on the infrastructure. But from providing information on the 
physical tracks and planned large maintenance works, the NS also provides information on e.g. the 
allocation process, available services and charges. The entire planning process, which is mostly 
sequential and only partially digitally supported, can be represented as follows. 
 

 

Figure 10. Example of  the t imetable planning process Traf ikverket  

 
The aim of the short-term and ad hoc planning is to make changes in the annual plans to 
accommodate new demand and traffic developments. The main output of the short-term and ad hoc 
planning are daily graphs, and detailed car bookings, personnel schedules and rolling-stock schedules 
to be used during operations. For the infrastructure manager, short-term and ad hoc planning 
comprises handling new applications for train paths and possessions, as well as changing the working 
timetable to cope with e.g. track breakage. For train operators the short-term planning comprises 
designing and applying for new train paths, or cancelling established train paths, depending on the 
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business situation. However, during short term planning freight operator planners may also work 
with e.g. wagon re-booking in order to use the available train capacity in the best possible way.22 
 
All the planning work stated above leads up to the day of operation when the transport services and 
maintenance works should be performed. The main task for operations staff is now to ensure that 
the train and maintenance works are delivered according to expectations. To their help, they have 
the planning output from previous process stages such as the daily graph and track usage plans, and 
a variety of information and communication tools. Apart from the operative production staff, such as 
locomotive drivers, dispatchers and maintenance technicians, there are also support staff, such as 
planners, customer service and managers who make high-level prioritisation decisions in case of 
disturbances. As the focus of this report is freight traffic, processes related to passenger information 
is omitted. Further, systems and processes related to maintenance and electric power are only 
superficially covered. Details of roles, responsibilities, tasks and processes can be found in ARC D2.2 - 
Description of business processes of a network management system and the interactions/interfaces 
with a Real-time Yard Management System.23 
 
Rail freight traffic has other prerequisites than passenger traffic, both regarding planning and 
operations. Good timetable and operations planning processes should address both the needs of 
passenger traffic and freight traffic. Also, the freight transport planning and operation would benefit 
from an improved holistic perspective, in which the line planning is more integrated with the 
planning of the side system (i.e. marshalling yards and terminals).24 
 
Comparing passenger rail traffic with freight rail traffic, it is common that the freight rail traffic has: 
ω Larger needs for planning of new trains within 2-3 months planning horizon. 
ω Larger needs for re-planning of trains (that are already included in the annual timetable) 

within 2-3 months planning horizon. 
ω Larger needs for flexibility. 
ω Larger flexibility. 
ω Need for changed departure times at short notice. 
ω More trains that run before their scheduled timetable slots. 
ω More trains that run significantly after their scheduled timetable slots. 
ω Other kind of punctuality needs and delay costs. 
ω Sometimes it is more important to be able to run a train than to do it efficiently and with 

high punctuality. 
ω ¢ƘŜ ƳŀǊǎƘŀƭƭƛƴƎ ȅŀǊŘǎ ŀƴŘ ǘŜǊƳƛƴŀƭǎ όάǎƛŘŜ ǎȅǎǘŜƳάύ ŀǊŜ ƳƻǊŜ ƛƴǘŜƎǊŀǘŜŘ ƛƴ ǘƘŜ ǘǊŀƴǎǇƻǊǘǎ 

from the dispatching customer to the receiving customer. 
ω Too often inefficient transports with unwanted waiting times along the line. 
ω Highly competitive market where efficiency is key to survival. 

 
Based on these differences, potential targets may be identified for the development of the timetable 
process: 
ω The timetable planning process should be adapted to be able to handle the needs of both 

passenger and freight traffic.25 
ω The timetable planning process should acknowledge and utilize that freight and passenger 

traffic are different. 
ω Punctuality goals should be different for passenger and freight traffic. 

 
22ARCC D2.2 - Description of business processes of a network management system and the 
interactions/interfaces with a Real-time Yard Management System, page 25 
23 ARCC D2.2, page 28 
24 ARCC D2.2, page 53 
25 ARCC D2.2, page 54 
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ω The planning and capacity of the side systems should be more integrated into the planning of 
the railway lines. 
 

Based on the above development needs, there are implications on how the timetabling processes 
and operational control could be enhanced in order to support the needs for freight traffic in general 
and in particular to support the coordination between line and yards/terminals: 
ω The capacity of the side system (yards/terminals) should be dimensioned according to actual 

traffic needs so that the capacities of these are not a limiting factor for the operations and 
development of the rail freight traffic. 

ω The information in the rail system should be transparent and shared whenever this creates 
common benefits and a more efficient overall railway system. 

ω The operational timetable should be updated daily to incorporate known disturbances, like 
temporary speed reductions or track maintenance. 

ω The operational timetable should be updated according to current and actual prerequisites 
for the (freight) trains, like actual train weight, maximum speed, acceleration profile, and 
braking characteristics. 

ω The nominal timetable should continuously be adjusted for systematic deviations, both 
regarding early and late trains. 

ω As soon as a RU expects a departure time deviation (delay or early departure) it should be 
communicated to the IM. 

ω Both RU and IM should make consequence aware decisions when planning a deviating 
departure time (compared to the nominal timetable slot), including downstream 
consequences. 

ω Before departure, a conflict regulated operational timetable all the way from departure to 
arrival should be constructed. The level of detail in the conflict regulation is a topic for 
further investigation, but it should be good enough so that no unexpected negative 
consequences happen to any train in the railway system. 

ω The arrival capacity of the destination yard/terminal should be confirmed already at the 
departure. The arrival capacity should also be continuously updated and transparent. 

ω The daily operational timetable should be adjusted in order to maximize robustness given 
the specific situation of the day. 

ω In case of disturbances, trains and yard operations should be prioritized in a way to secure 
deliveries to final customers. 

ω Train drivers should run trains according to the (operational and daily updated) timetable 
slots.26 

 

5.2.2 Real-time Yard Management 

ARC/Ωǎ 5ŜƭƛǾŜǊŀōƭŜ нΦо ŀƛƳŜŘ ŀǘ ŘŜŦƛƴƛƴƎ ǘƘŜ ǎŎƻǇŜΣ ŦǳƴŎǘƛƻƴŀƭ ŀƴŘ ƴƻƴ-functional requirements 
relating to decision support systems applicable for real-time yard management. Decision-making is 
considered mainly in the roles of the yard manager and the line dispatcher, keeping in mind the 
requirements of IM, RU and their customers. 
 
The yard operations management as well as the interaction between the yards, terminals and 
network management have a significant improvement potential, where optimization, automation 
and advanced decision support tools can make an important contribution. To accomplish this, the 
research work has described and analysed the related planning and operational processes in detail. A 
main future challenge will be to model the decision-making processes in an appropriate software 
system and integrate with optimisation algorithms. It is intended that a real-time yard management 

 
26 ARCC D2.2 - Description of business processes of a network management system and the 
interactions/interfaces with a Real-time Yard Management System, page 56 
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system can optimise resource-allocation and connect with external systems to contribute to 
improvements of network planning. ARCC WP2 contributes to this aim by studying the possibility of 
automatic re-planning of shunting yard operations, especially in combination with train path re-
planning. If a Real-time Yard Management System provides optimising automatic decision support, it 
may also help dispatchers and yard control personnel improve and adapt the current operational 
plan. 
 
One of the most important requirements for the solution will be to achieve a good user acceptance. 
In order to get all actors to approve of the decision support system, the solutions generated by the 
system must be acceptable for all parties.27 
 

5.2.3 Real-time Network Management  

Freight train operators generally ask for more changes close to operation than passenger train 
operators. Today there is a challenge to accommodate these without interfering with existing 
(passenger) traffic. The main innovations of planning activities are related to decision support for 
strategic, tactical and operational capacity planning to support these requests. In particular, new 
concepts and algorithms for re-planning and adjustments of train timetables will be implemented. 
 
The involved actors are infrastructure managers, yard or terminal managers and railway 
undertakings. The perspective is mainly from the infrastructure managers that are responsible for 
managing the network capacity and timetable. There is an interaction between IM, yard 
managers/terminal managers and RU both in planning process and in operational traffic. 
 
There is a current digitalization improving processes by better decision support and information 
exchange. Processes that today are done sequential and slow can in future be done automated and 
in parallel. Today there are shortcomings in planning Today there are shortcomings in planning and 
operational processes. These have been documented in ARCC deliverable 2.2 and 3.1.28 
 

Innovation Potential FR8HUB 

The innovation potential by combining line and yard planning in real-time enables optimising 
timetables and communication. This is a step to increase automation and produce more effective 
short-term timetables. This has the potential to improve handling of disturbances in operational 
traffic by improved decision support and communication, giving us more capacity and increasing the 
punctuality. Simulation of increasing speed for freight trains: Freight trains with the ability of 
acceleration and braking faster and the ability to travel in a slightly higher speed could increase the 
capacity on the lines by establishing a more homogenous traffic structure for freight and passenger 
trains. This will reduce the lead time for freight trains. The parameters used in the simulation can be 
areas used as requirements when developing the freight locomotive of the future.29 
 

Innovation Potential FR8RAIL2 

Real-time network management and improved methods for annual and short-term timetable 
planning will better match the timetable to the wishes from various actors (rail undertakings, yard 
managers and maintenance actors), allow for changes in a later stage, increase flexibility in 

 
27 ARCC D2.3 - Modelling Requirements and Interface Specification to Yard Simulation System, page 
78 
28 FR8HUB D3.1 State-of-the-art and specification of innovations, demonstrations and simulations, 
page 17 
29 Proposal FR8HUB, page 22 
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operational control, and further increase of punctuality and on-time performance in the real-time 
network management. This increases the overall attractiveness of the railway as a freight 
transportation mode. Furthermore, by systematic inclusion of disturbance sources as well as 
operator constraints, the new methods will increase transparency and traceability in the planning 
process and thus allow a more direct and improved communication between rail undertakings, yard 
managers, maintenance actors and infrastructure managers.30 
 

5.2.4 Intelligent Video Gate Terminals 

Beyond real-time yard management, the intelligent video gate in terminals will reduce the lead time 
and increase the cost-effectiveness in the nodes and connect the traffic management system with a 
real-time network management.31 
 
The intermodal segment relies mainly on the use of containers, swap bodies and semi-trailer trains. 
The growth of intermodal transport is one of the critical success factors for shifting cargo from road 
to rail. Today terminal infrastructure operates in peak times at the limit of its capacity. Despite the 
implementation of several terminal and yard management systems there are a lot of physical checks 
and manual data collection necessary. To reach a higher degree of automation FR8HUB will focus on 
developing an intelligent video gate technology to optimize in- and outbound train detection, 
including automatic identification of train consists and characteristics in line with existing TAF-TSI 
platforms 32 
 
The implementation of an IVG in the railway section accelerates and improves the data quality of the 
inbound processes, reduces dwell times and increases punctuality as well as terminal capacity. It will 
also reduce complaints about damages in the terminal due to high resolution images already at the 
time the train is arriving. IVG will also significantly improve safety, integrity of the processes and 
reliability in the processing of relevant data. This especially in the context with the handling of 
dangerous goods as problems can be detected faster and more reliable.  
 
IVG focusses on the recognition of all relevant data via optical sensing for load units and wagons. 
Recognized data will be compared with predefined transport data. It includes also a RFID-reader 
option for wagon data of chipped wagons. Fast data transfer/communication via open, non-
discriminative user interfaces enables user-oriented data handling.  
 
The technology will meet established UIC-/ ILU standards for wagon and ILU identification.33 
 

Innovation potential FR8HUB 

Intelligent video gate shall lead to a higher degree of automation of terminal relevant processes and 
ƳƻǊŜ ǊŜƭƛŀōƛƭƛǘȅ ƻŦ ǊŜǇŜŀǘƛƴƎ άŜǾŜǊȅ Řŀȅέ ǇǊƻŎŜǎǎŜǎΦ ¢ƘŜ ŎƻƳǇŜǘƛǘƛǾŜƴŜǎǎ ƻŦ ǘŜǊƳƛƴŀƭ ƻǇŜǊŀǘƛƻƴǎ ƛƴ 
the transport chain is one of the key factors in terms of quality, buffer function and easier access of 
users to the railway system. The reliability and quality of control processes are very often subject to 
difficult, time consuming and expensive discussions about different opinions of the market players.  
The intelligent video gate will help to neutralize all those critical discussions between the partners of 
the transport chain about the objective conditions of intermodal load units and/or wagons. It will 
therefore ease and clarify the process of working together.34  

 
30 FR8RAIL 2 proposal, page 20 
31 FR8HUB proposal, page 9 
32 FR8HUB proposal, page 10 
33 FR8HUB proposal, page 20 
34 FR8HUB proposal, page 22, 23 
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5.3 Smart Freight Wagon Concepts (TD 5.3) 

Innovation Potential FR8RAIL1 

The running gear, core and extended wagon design concept will contribute to following strategic 
areas: better transportation conditions, increased flexibility, longer trains and increased payloads, 
life cycle cost reduction and increased reliability. In the final stage we will be able to set up 
characteristics and KPI´s for technical specifications and major wagon concept. 
 
The combination of new wagon design optimized to reduce dead weight, new running gear with 
better dynamic performance, track friendly and reduced noise, and automatic couplers will enable 
higher speeds of the freight trains which will enable the better use of network capacity. This will 
allow a higher use of the wagons and locomotives which will reduce the cost of transportation.35 
 

Innovation Potential FR8RAIL2 

The combination of a new wagon concept optimized for minimum dead weight and length, a new 
running gear with improved driving dynamics, low-noise and track friendliness and automatic 
couplers enables higher freight train speeds and thus better utilization of the network, which reduces 
transport costs. In addition, the aerodynamic and acoustic optimisation results in more energy-
savings and environmentally friendly transport of goods.36 
 

5.3.1 Running Gear 

The running gear should improve the stability of the wagon and the wear of track and wheel. It will 
be equipped with disc brakes and with a hydraulic damper for safety and maintenance reasons. Due 
to steering and lower rolling resistance the noise emission level is expected to decrease significantly.  

5.3.2 Core Market Wagon 

The core market wagon type is designed for the traditional markets of freight rail transport with 
heavy goods. Thus, the wagon design is based on a bogie chassis with 4 axles. The key driver is to 
generate a maximum of payload out of the possible axle load. The chassis with different length does 
not carry the load directly. The load is containerized in various type of boxes or tank containers. 
Platform length is foreseen in the range of 10 to 14 m. 

5.3.3 Extended Market Wagon 

The Extended market wagon EMW should address the LDHV-Segments of the transport market. For 
these a high payload is not needed. Consequently, the EMW bases on a 2-axle-chassis. The specific 
costs are driven by the quantity of transport units which can be transported in one train. Therefore, 
optimized length and reduced tare weight are the main drivers for the mechanical design, so that the 
maximum length of 750 m can be used in single traction. The length of the loading platform can vary 
depending on the transport units between 12 and 16 m.  

5.3.4 Telematics and Electrification 

The new wagon concepts will be electrified, and a dual conduct air pressure supply form the 
locomotive. This is the bases for creating wagon intelligence and superior braking performance. The 
wagons do have a Wagon Onboard Unit WBO, which communicates along the train with the control 
system of the locomotive. With this basic architecture all the beneficial functions like end-of-train 

 
35 FR8RAIL 1 proposal, page 17 
36 FR8RAIL 2 proposal, page 19 
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detection, automatic coupling, electronic brake control, conditions-based maintenance, digitalisation 
of freight booking and surveillance of the transported goods, reefer transport. 
 

Innovation Potential FR8RAIL1 

The introduction of telematics in the wagon will enable new integrated services for logistic 
operations and the fleet management. This will increase the attractiveness of rail mode for special 
goods which will bring more margin to freight trains operating companies. For the operators and 
wagon keepers the telematics will allow better and online asset management. Moreover, the basis 
for condition-based management system will be generated. 
 

Innovation Potential FR8RAIL2 

The introduction of telematics in the freight wagons will enable new integrated services for logistic 
operations and maintenance by means of the wagon intelligence. In Logistics, it will increase the 
attractiveness of rail mode for special goods which will bring more margin to freight trains operating 
companies. For Maintenance it will allow condition-based maintenance to change completely the 
organizational model of maintenance services where maintenance units traditionally work like a 
production chain reducing the number of human resources at expenses of the availability of the 
asset. Condition based maintenance will provoke a change of paradigm in maintenance processes 
and will evolve to a situation where the information about the asset is the driving force and all the 
operations are focused on reducing asset unavailability and costs.37 
 

 

5.4 New Freight Propulsion Concepts (TD 5.4) 

5.4.1 Last Mile Propulsion Systems 

Innovation Potential FR8RAIL2 

Hybrid propulsion with intelligent energy management system will provide high flexibility and energy 
efficient operation. The technology will allow to implement innovative energy efficient transport 
models, with operation on both electrified and non-electrified lines. 
 

5.4.2 Radio controlled distributed Power 

Innovation Potential FR8RAIL2 

The very long trains running with radio remote controlled distributed power in other continents are 
very well known, whereas in in Europe, the train length is still limited to 740 m or 750 m in most 
European countries. Multiple traction exists, but usually in front of the train or in the so-called 
sandwich mode, with a second train driver in the locomotive at the end of the train. The technology 
further developed in this project will pave the introduction of long trains up to 1500 m length, thus 
giving the freight operators the possibility to increase capacity and to set up novel business models 
and services.38 The key advantage of this solution is the distribution of power along the train and 
better exploitation of the available traction units (locomotives). 
 

 
37 FR8RAIL 2 proposal, page 20 
38 FR8RAIL 2 proposal, page 20, 21 
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5.4.3 Freight Loco of the Future 

The freight locomotive of the Future aims at developing key technologies for future energy efficient 
freight locomotives, allowing highest operational flexibility and providing attractive and competitive 
rail freight services to the final customer. 
 
The key elements are digitalisation, automation in train operation, energy-supplied freight wagons, 
advanced functionalities and increased productivity. The challenge is to take the freight locomotive 
to the next level by: 

¶ improving the efficiency of propulsion systems with hybrid technologies and energy storage 
systems 

¶ improving last mile concepts 

¶ reducing LCCs, including wear 

¶ enabling longer trains up to 1500 meters 

¶ reducing emissions, including noise 

¶ introducing driver advisory systems (DAS) 

¶ enabling autonomous driving 
 

Innovation potential FR8HUB 

¶ Extreme flexibility: operation on non-electrified and electrified lines without the need of 
changing the locomotive. This requires hybrid propulsion technologies, and includes last mile 
propulsion systems  

¶ Competitive rail freight services: Remote control for distributed power, thus, allowing the 
increase of the train length up to 1,500 m and consequently improving the cost efficiency of 
rail transport. This includes also technologies that reduce LCC (e.g. low wear locomotive 
bogie) 

¶ Energy efficiency: Recuperation of braking energy as much as possible, store it onboard and 
reuse it whenever required, for traction purposes, for peak shaving or to supply auxiliaries 
and others  

 
The concept of the last mile propulsion system on a mainline electric locomotive (an electric 
locomotive equipped with a small diesel engine covering similar needs and first proposed by 
Bombardier Transportation few years ago) was a disruptive and successful innovation, giving the 
customers the independence from shunting operators. While in FFL4E a full electric last mile 
propulsion system with up to 500 kWh energy and higher peak power in the range of 1 MW is 
developed, in FR8HUB further technologies and hybrid approaches will be investigated. They will 
offer to the customer even higher ƛƴŘŜǇŜƴŘŜƴŎŜ όƴƻ ŜƳǇǘȅ ōŀǘǘŜǊȅΣ ōǳǘ ƳƻǊŜ ǇƻǿŜǊ ǘƘŀǘ ƻƴ ǘƻŘŀȅΩǎ 
systems) with better energy efficiency. 
 
The integration of energy storage systems in the freight locomotives, larger ones for traction on dual 
mode locomotives, small and decentralized ones for feeding systems, and the implementation of 
power peak shaving algorithms will lead to a higher energy efficiency and thus to reduced overall 
operational costs. Building on these technologies, many innovations are expected and will open the 
field to innovative business models.39 
 
  

 
39 FR8HUB proposal, page 23 
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5.4.4 Hybridisation of Legacy Shunters 

Innovation potential FR8HUB 

The hybridisation of legacy shunters is part of the strategic activities of Shift2Rail IP5 in order to 
optimize the freight traffic flows in marshalling yards. From an operational viewpoint, the hybrid 
shunter could take over two jobs ς replace old shunters and operate in mainline traction services. 
Whichever deployment is ideal will be analysed for the technologically most suitable concept per 
base locomotive. The resulting gain in flexibility from hybridisation comes at a minimum cost and will 
benefit all European freight hubs. To maximize this flexibility, hybrid shunters will also be assessed 
for further automation. 
 
The hybrid shunter is one of the most efficient and eco-efficient propulsion solutions. In the heavy 
power class required, Fr8Hub aims for the technological break-through for retrofitting. Also, the 
hybrid is open to test further innovation in the consecutive Shift2Rail projects: When more 
innovative technologies are mature, they can be implemented into the hybrid concept e.g. replacing 
the diesel engine. A state-of-the-art container/modularisation concept shall be implemented to 
minimise downtimes of locomotives and to improve maintainability of the locomotive.40  
 
 

 
40 FR8HUB proposal, page 23 
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6 Expected Impact of Technologies and Solutions 
 

6.1 Digitization & Automation Rail Systems (TD 5.1) 

6.1.1 Condition Based Maintenance 

Expected impact FR8RAIL1 

Condition based and predictive maintenance based on status from asset intelligence will be ground-
breaking innovation with sustainable cost and quality improvements based on the intelligent use of 
accurate information arising from telematics and electrification part of the project.41 
 

Expected impact FR8HUB 

Condition based maintenance based on status from asset intelligence will be ground-breaking 
innovation with sustainable cost and quality improvements based on the intelligent use of accurate 
information arising from the monitoring system to be developed within the project.  
 
Reduction of operational cost due to reduction in maintenance costs.  
Maintenance related expenses are one of the largest contributors to the LCC of the railway system. 
For example, DB Netz in 2012 estimated the maintenance costs to be over 50 % of the LCC, without 
the effect of unavailability. On the other hand, in dense traffic lines the availability of the lines is the 
key parameter that monitors the maintenance schedules. The cost of unavailability and the penalties 
that maintenance service providers suffer are huge and impact directly in the profitability of the 
companies.  
 
Consequently, maintenance service providers of train operating companies are very concerned 
optimizing on one hand the cost of maintenance services and on the other the risks associated to the 
operation. The FR8HUB project will develop technologies and processes as a part of the overall CBM 
strategy that will optimize cost while maintaining the safe operation. The technologies developed in 
the area of CBM are expected to reduce the maintenance costs in a range of 10 %. This will 
contribute to reduce the operational costs of rail freight transportation.42 
 

Main influence on 

KPI Reason 

LCC Lower operational costs due to lower maintenance costs 

Punctuality Higher reliability of assets in operation 

Capacity - 

 

Benefits mainly for 

Shipper Forwarder RU/operator Wagon keeper IM/Y/T Customer 

 
 
  

 
41 FR8RAIL 1 proposal, page 18 
42 FR8HUB proposal, page 24 
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6.1.2 Automatic Coupling /  Digital Automatic Coupler (DAC) 

Expected impact FR8RAIL1 

The automated coupling and processes in the terminals/nodes will improve efficiency, environmental 
impacts as enabling longer trains and safety related impacts with regards to human factors. 
 

Expected impact FR8RAIL2 

The foreseen research activities are expected to improve the overall efficiency of freight trains by 
allowing to run longer trains, reduce train composition times and integrate data and electrical 
transmission.  
 

¶ Higher load capacity will allow longer trains compositions (up to 1500 m), operating at higher 
speeds. 

¶ Reduced train composition times (up to 30 %): Remote uncoupling allows automating vehicle 
composition operations, minimizing manual intervention, increasing safety, and thus, 
reducing operational costs.  

¶ Data and electrical transmission of energy and data will allow the installation of sensors in 
the trains, this is required for Condition Based Maintenance and to remotely monitor the 
status of the goods. The value for the automatic coupler is that there is no additional train 
configuration time needed.43 

 

Main influence on 

KPI Reason 

LCC Lower personnel costs 

Punctuality Faster train configuration, lower lead time 
Capacity - 

 

Benefits mainly for 

Shipper Forwarder RU/operator Wagon keeper IM/Y/T Customer 

 

6.1.3 Freight ATO / C-DAS 

Expected impact FR8RAIL2 

¶ Enables smooth freight traffic by improving information exchange between TMS and DAS on 
the RU side. 

¶ Realizes energy savings of up to 10 %. 

¶ Develops concept for standardization of European connected DAS44 

  

 
43 FR8RAIL 2 proposal, page 21 
44 FR8RAIL 2 proposal, page 23 
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Main influence on 

KPI Reason 

LCC Energy savings, lower personnel costs due to (partly) automated processes 

Punctuality Better information between TMS (IM) and DAS (RU) 

Capacity Better information between TMS (IM) and DAS (RU) 

 

Benefits mainly for 

Shipper Forwarder RU/operator Wagon keeper IM/Y/T Customer 

 

6.2 Digital Network Management (TD 5.2) 

6.2.1 Improved Methods for Timetable Planning 

Expected impact FR8RAIL2 

¶ Providing processes and tools that reduce the need for freight trains to run outside their 
planned timetable channel. This decreases the need for operational rescheduling. 

¶ Developing timetable adjustment methods that can handle the needed flexibility of the 
freight train operation without causing disturbances for other trains; this increases the 
competitiveness of the rail freight system,  

¶ Adjusting timetables to actual operational needs of the freight operators, thereby improving 
the perceived punctuality for freight trains by at least 10-15%. 

 

Main influence on 

KPI Reason 

LCC - 
Punctuality Possibility to adjust timetables to meet actual needs 

Capacity Better long- and short-term timetable planning 

 

Benefits mainly for 

Shipper Forwarder RU/operator Wagon keeper IM Customer 

 
 

6.2.2 Real-time Yard Management 

Expected impact ARCC 

Among the various ways of automating processes in nodes, the automation of 
disposition/dispatching processes in marshalling yards and terminals, including interaction with the 
traffic management system, has a major impact in terms of reducing lead times and improving the 
punctuality and cost-efficiency of rail freight. 
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Main influence on 

KPI Reason 

LCC - 

Punctuality real-time information of actual demand 

Capacity Better utilisation of assets, real-time information of actual demand 

 

Benefits mainly for 

Shipper Forwarder RU/operator Wagon keeper IM/Y/T Customer 

 
 

6.2.3 Real-time Network Management 

Expected impact FR8HUB 

Optimise the decisions and the resulting operational processes in real-time.  
A new method based on high-level capacity analysis of both yards and lines will be developed. The 
aim of the method is to provide optimised decision support with accurate capacity analysis results in 
real-time, making it useful for analysis of changed technical requirements in yards and lines. The goal 
of the method is to be useful in an office setting. In this context, a maximum execution time for the 
analysis is within 15 minutes of runtime, with a significantly lower average execution time and useful 
analysis results delivered within a few minutes. The accuracy of the method will be validated using 
microscopic traffic simulation.45 
 
Increase the capacity of mixed traffic. 
As case studies, the method will be used for analysis of heterogeneous traffic on two important lines 
in the TEN-T corridor between Sweden and Germany. Using both analytical methods and micro-
simulation studies, the increased freight speed on these two lines will be investigated, with the goal 
of increasing capacity and reducing running and waiting times as well as delays for all traffic on the 
considered lines. Further, the costs and benefits of the technical requirements for this will be 
analysed.46 
 

Expected impact FR8RAIL2 

¶ Providing processes and methods increases holistic network management, by e.g. improving 
the interaction between line and yard planning. This gives more flexible and competitive 
train paths for freight trains and better punctuality for passenger and freight trains. 

¶ Specification of demonstrator for Real-time network management that includes and utilizes 
modern decision support technologies and thereby defines requirements on other 
supporting activities and systems, e.g. data need. This gives more flexible and competitive 
train paths for freight trains and better punctuality for passenger and freight trains. 

¶ Better possibilities to meet the various needs and wishes regarding track capacity from all 
actors (rail undertakings of various kind, yard managers and management actors). The 
flexibility is most important for the freight traffic.47 

 
45 FR8HUB proposal, page 24 
46 FR8HUB proposal, page 24 
47 FR8RAIL 2 proposal, page 22 



D1.2 Migration Plan  

Page 41 of 95 

 

Main influence on 

KPI Reason 

LCC - 

Punctuality real-time information of actual demand 

Capacity Better utilisation of assets, real-time information of actual demand 

 

Benefits mainly for 

Shipper Forwarder RU/operator Wagon keeper IM/Y/T Customer 

 
 

6.2.4 Intelligent Video Gate Terminals 

Expected impact FR8HUB 

The IVG has an important impact on main quality issues along the transport chain. Check procedures 
get highly accelerated through: 

¶ automated data collection and validation with pre-defined transport data 

¶ improvement of data quality 

¶ acceleration of in-/outbound train documentation for damages and conditions 

¶ information to users about critical differences from pre-defined data 

¶ reduction of time required for checks on a train of 700 m length from approx. 40 min down 
to approx. 15 min, this makes load units quicker available to already waiting trucks, especially 
in peak times 

¶ reduction of dwell time for trains, ILU and trucks 

¶ immediate use of recognized date for optimized reloading 

¶ noticeable reduction of damage claims of up to 75%, that are often exploited due to patchy 
in-/outbound checks, IVG provides evidence and real-time documentation 

¶ improvement of safety, integrity of the processes, especially due to the handling of 
dangerous goods 

¶ Increase terminal peak capacity by faster workflow and reduced dwell time for trains, trucks 
and ILU up to 15%. 

This will result in more effective and efficient terminal processes.48 
 

Main influence on 

KPI Reason 

LCC - 

Punctuality Lower lead time, due to reduced dwell times in terminal 

Capacity Reduced dwell time for trucks and trains 
 
 

 
48 FR8HUB proposal, page 25 
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Benefits mainly for 

Shipper Forwarder RU/operator Wagon keeper IM/Y/T Customer 

 
 

6.3 Smart Freight Wagon Concepts (TD 5.3) 

Expected impact FR8RAIL1 

There are three areas in FR8RAIL 1 which ensure the safe transportation of dangerous goods; 
telematics, wagon design and condition-based maintenance. In telematics FR8RAIL will include 
wagon monitoring system and integration of cargo monitoring system to the benefit of dangerous 
goods. 
 
FR8RAIL 1 will develop technologies for the wagon design that will enhance the aerodynamic 
behaviour and therefore reduce energy consumption. In parallel, FR8RAIL will develop new concepts 
for the wagon based on lightweight materials. This will also contribute to reduce the energy 
consumption. This objective will directly reduce the operational expenses of both infrastructure and 
railway operators.49 
 

6.3.1 Running Gear 

The objective for the running gear is high running stability in combination with better steering of the 
wheelset, so that wear and rolling resistance can be reduced. The noise emission should then 
decrease. A new suspension and damping system is expected to further improve noise emissions. 
 

Main influence on 

KPI Reason 

LCC Reduced energy cost and less wear on track and wheels 

Punctuality - 

Capacity Lower noise emission level 
 

Benefits mainly for 

Shipper Forwarder RU/operator Wagon keeper IM/Y/T Customer 

 

6.3.2 Core Market Wagon 

Expected impact FR8RAIL2 

¶ Reduction of the weight of freight wagons, to maximize the payload/ deadweight ratio.  

¶ Significantly contributes to the improvement of reliability.  

¶ reduces the total operating costs for the vehicle and infrastructure by up to 20 % combining 
novel design of running gears, predictive maintenance methods and improved aerodynamics.  

¶ Improved acoustical behaviour of wagons, reduced noise pollution of the residents down to 
the level of passenger trains 

 
49 FR8RAIL proposal, page 18 
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¶ Provides standard mechanical and electrical interfaces for modular, scalable wagon design 
for operational interoperability.50 

¶ Offers the possibility to be equipped with a drive and control unit to allow automized 
operations in sidings and stations without shunting locomotives. 

 

Main influence on 

KPI Reason 

LCC Higher invest per wagon, but  
- higher productivity in transport operations 
- less energy consumption  
- less infrastructure wear  

leads to lower LCC; 
Punctuality Higher reliability because of fully monitored components/assets 

 

Capacity Higher utilisation of rolling stock, due to better payload-dead weight-ratio; 
Better network utilisation and improved wagon turnover in general due to 
automized processes in the operation 

 

Benefits mainly for 

Shipper Forwarder RU/operator Wagon keeper IM/Y/T Customer 

 

6.3.3 Extended Market Wagon 

Expected impact FR8RAIL2 

¶ Reduction of the weight of freight wagons, to maximize the payload/deadweight ratio for 
optimized intermodal applications to beat the competition from the road 

¶ Significantly contributes to the improvement of reliability.  

¶ reduces the total operating costs for the vehicle and infrastructure by up to 30 % combining 
novel design of running gears (reduced no. of axles, better steering and suspension), 
predictive maintenance methods and improved aerodynamics. 

¶ Improved acoustical behaviour of wagons, reduced noise pollution of the residents down to 
the level of passenger trains  

¶ Provides standard mechanical and electrical interfaces for modular, scalable wagon design 
for operational interoperability51 

¶ Is ready for ETCS L3 because of its integrated Safe-Train-Integrity system. 

  

 
50 FR8RAIL 2 proposal, page 22, 23 
51 FR8RAIL 2 proposal, page 22, 23 
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Main influence on 

KPI Reason 

LCC Higher invest per wagon, but  
- much higher productivity 
- less energy consumption  
- less infrastructure wear  

leads to lower LCC; 

Punctuality Higher reliability because of fully monitored components/assets 

Capacity Higher utilisation of rolling stock, due to better payload-dead weight-ratio; 
Higher speed  access to day routes leads to better network utilisation and 
improved wagon turnover in general 

 

Benefits mainly for 

Shipper Forwarder RU/operator Wagon keeper IM/Y/T Customer 

 
 

6.3.4 Telematics and Electrification 

Expected impact FR8RAIL1 

Telematics and electrification will enable better track and trace capabilities to the benefit of 
segments such as temperature goods and dangerous goods but also the equipment itself. 
The specifications for an intelligent automated coupling is one of the key elements in turning the 
freight wagons into being intelligent as well.52 
 

Expected impact FR8RAIL2 

¶ Reduction of maintenance costs (material and labour) in the respective countries to enable a 
more reliable service as well as a more competitive cost structure thanks to the information 
collected by the wagon intelligence. 

¶ 5ŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀƭƎƻǊƛǘƘƳǎ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ƴŜŎŜǎǎƛǘȅ ƻŦ ŀ ŎƻƳǇƻƴŜƴǘΩǎ ǊŜǇƭŀŎŜƳŜƴǘ ǘƻ 
avoid premature replacements. 

¶ A significant reduction of derailments through further CBM implementation. 

¶ Reaching a 10 % reduction of maintenance operational expenses to increase rail freight 
business competitiveness. 

¶ Improve operational efficiency by eliminating unnecessary maintenance activities. 

¶ Enhance compŜǘƛǘƛǾŜƴŜǎǎ ƻŦ ǘǊŀŦŦƛŎ ŎŀǊǊƛŜǊ άǊŀƛƭέ ōȅ ƻŦŦŜǊƛƴƎ ƳƻǊŜ ŀƴŘ ǊŜƭƛŀōƭŜ ŦǊŜƛƎƘǘ 

capacities.53 

  

 
52 FR8RAIL proposal, page 18 
53 FR8RAIL 2 proposal, page 21 
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Main influence on 

KPI Reason 

LCC Lower maintenance costs 

Punctuality Less disturbances due to unforeseen breakdowns (i.e. derailments) 

Capacity - 

 

Benefits mainly for 

Shipper Forwarder RU/operator Wagon keeper IM/Y/T Customer 

 
 

6.4 New Freight Propulsion Concepts (TD 5.4) 

6.4.1 Last Mile Propulsion Systems 

Expected impact FR8RAIL2 

¶ Provides high operational flexibility by implementing powerful dual power locomotives 
capable to run on electrified and non-electrified lines. 

¶ Provides energy efficient and environment-friendly propulsion systems mainly by 
recuperating braking energy with onboard energy storage systems, such as e.g. Li-Ion 
batteries or other technologies 

o Power boost feature leading to a 20 % diesel engine downsize, and hence, ease the use 
of medium size engines which are more likely to meet restrictive emission standards. 

o Energy manager feature leading to reduce up to 20 % the overall energy consumption 
thanks to energy recovery capability and more efficient diesel engine operation. 

o Electric mode feature permitting disconnection of diesel engines under idle or low 
power demanding situations (e.g. marshalling yards) which accounts for over 40 % of 
time according to ARR and EPA reports. 

o Suppling auxiliaries and other loads. 

¶ E-Locos with battery-based range extender allow operation in shunting in terminal areas (no 
energy supply over catenary system available) and save therefore operational cost for 
change of the traction in the short term. Moreover, this double supply E-Hybrid overs the 
perspective of not having a shunting locomotive anymore in the future. 

¶ Automated functions for the train preparation and start of mission phases will increase 
efficiency and reduce operational costs by up to 50 %.54 

 

Main influence on 

KPI Reason 
LCC In total lower invest in the fleet due to more operational flexibility 

Punctuality Less dwell times, no additional shunting process in yards and terminals 

Capacity - 

 

 
54 FR8RAIL 2 proposal, page 23 
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Benefits mainly for 

Shipper Forwarder RU/operator Wagon keeper IM/Y/T Customer 

 
 

6.4.2 Long Trains up to 1500 m 

Expected impact FR8RAIL2 

¶ Increases productivity of rail operations rapidly by doubling maximum train length to 1,500 
m on dedicated lines 

¶ Enhances train weights and lengths up to 740 m by introducing Distributed Power for 
unattended pushing locos55 

 

Main influence on 

KPI Reason 
LCC Sharing of track tariff between two or more trains under the premises that the 

current tariff system is applicable for trains with higher length and load. 

Punctuality No influence 
Capacity Negative influence on network capacity due to non-interoperability with the 

current network design 

 

Benefits mainly for 

Shipper Forwarder RU/operator Wagon keeper IM/Y/T Customer 

 
 

6.4.3 Freight Loco of the Future 

Expected impact FR8HUB 

The integration of on-board energy storage systems, capable of recuperating braking energy, and 
feeding the traction chain but also other components and systems, and the implementation of peak 
power shaving algorithms will lead to better environmentally friendly performance. Thanks to these 
concepts, FR8HUB expects to reach the goal of an increase of energy efficiency by 10 %. 
 
Furthermore, thanks to innovative technological approaches for the next generation of last mile 
propulsion systems, operational flexibility and efficiency will be massively improved.56 
 

Main influence on 

KPI Reason 

LCC Lower operational costs due to better energy efficiency; 
In total lower invest in the fleet due to more operational flexibility 

Punctuality - 

Capacity - 

 

 
55 FR8RAIL 2 proposal, page 23 
56 FR8HUB proposal, page 26 
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Benefits mainly for 

Shipper Forwarder RU/operator Wagon keeper IM/Y/T Customer 

 
 

6.4.4 Hybridisation of Legacy Shunters 

Expected impact FR8HUB 

Hybridisation as a retrofit activity will enable rail freight to quickly react to the competitive pressure. 
Following FR8HUB the implementation will be reduced to a few weeks per unit based on the known 
configurations. 
 
The hybridisation of legacy shunters can lead to a reduction of CO2 and of energy consumption of 20 
- 30 % in the long-term, in combination with start-stop and state-of-the-art technologies. A first 
calculation of the profitability and energy saving potential by comparing the performance of a 
conventional shunting locomotive with hybrid retrofitted vehicle gave this significant performance 
indication.  
 
Especially, within the higher velocities the benefit from the hybrid system is higher compared to 
lower velocities. This efficiency in combination with the battery storage is expected to ensure an 
energy saving in terms of fuel savings of more than 20 %. Reduced fuel consumption means besides 
the reduction of LCC cost by roughly 10 % also the significant improvement of the ecological 
footprint. The improved efficiency of the hybrid system resulting in up to 30 % fuel savings. 
 
Additionally, the hybrid system, enhanced through condition monitoring, will be flexible for 
deployment under or not under catenary, in light, medium and heavy duty. Taken together with 
automation, the planning time will be reduced, and flexibility and operational efficiency be 
maximized.57 
 

Main influence on 

KPI Reason 

LCC Lower operational costs due to less energy consumption 

Punctuality - 
Capacity - 

 

Benefits mainly for 

Shipper Forwarder RU/operator Wagon keeper IM/Y/T Customer 

 
 

  

 
57 FR8HUB proposal, page 25, 26 
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6.5 Summary of the Benefits for the different Stakeholder Groups 

 
All technologies and solutions serve to increase the competitiveness of the entire railway system. 
They all contribute - to varying degrees - to improving the LCC, to increasing capacity or to improving 
punctuality in the system.  
 
As discussed separately in the previous chapter, individual solutions contribute to this to varying 
degrees. In addition, the advantages generated do not develop to the benefit of all stakeholder 
groups. Table 3 below shows which group benefits directly/mainly from which technology or 
solution.  
 

Table 3.  Tabular  presenta t ion of  benef i t t ing s takeho lders by so lut ion  

 
 
It is also clear that the full potential can only be realised if new or stringent production systems are 
implemented with the CMW and EMW wagon technologies. All actors in the sector will benefit from 
this. 

Solution
Retrofit 
possible

Shipper Forwarder
RU/

operator
Wagon 
keeper

IM/Y
/T

Customer

CBM yes X X

Automatic Coupler yes X X

ATO / C-DAS yes X X

Timetable planning yes X X X X

Yard management yes X

Network management yes X X X X

IVG yes X

Running gear no X (X)* X

CMW no X X X (X) X X

EMW no X X X (X) X X

Telematics & 
Electrification

yes X X X (X) X X

Last mile propulsion no X X

Distributedpower no X

Loco of the future no X

Hybridisation of legacy 
shunters

yes X

ÁLower specific costs
ÁBetter utilisation of assets
ÁBetter utilisation of 

network
ÁLower wear on track and 

running gear
ÁLower energy 

consumption
ÁHigher punctuality

Full exploitation of benefits require production modes with high running performance!

OTL*
mode

P2P 
mode

CTL 
mode

Production modes

)* depending on rental contract conditions
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7 Assessment of expected Benefits and Dependencies of Key 
Technologies 

 

7.1 KPI-Modelling in Shift2Rail Impact-Projects  

7.1.1 Objectives and Reference Scenarios 

While the experts (TD leaders and project staff) have considered and evaluated the improvement 
potentials of their solutions mostly isolated from each other, the effect on the overall system takes 
place in the CCA of Shift2Rail, here in the IMPACT-1 and IMPACT-2 projects. WP1 in FR8HUB 
supported here to get the overall picture.  
 
The overall target KPIs were defined in the Master Plan with three quantified targets:  

¶ + 100 % in capacity,  

¶ - 50 % in LCC,  

¶ + 50 % in reliability 
as it is one of the goals of Shift2Rail to significantly increase the competitiveness and attractiveness 
of rail freight in the land-based freight business.  
 

 

Figure 11. Overal l  ob ject ives of  Shif t2Rail  

 
The KPI assessment is carried out by the CCA-project IMPACT-2 WP4 in collaboration with the IP-
projects for the four traffic segments, so called system platform demonstrators (SPD): 

¶ High speed 

¶ Regional 

¶ Urban  

¶ Freight  IP5 
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First, the reference scenarios for the operational area (single wagon load, block train operation, 
combined traffic) as well as the basic technical equipment for rail freight traffic were defined and 
provided with basic values.  
 

Table 4.  Reference p arameters for  average n ational and European f reight 
t ranspor t  

Reference parameter Unit Freight transport category 

Single wagon load Customer Block 
train 

Combined traffic 

Share (of trains) % 25 40 35 

Average transport distance km 600 600 600 

Average train length m 450 450 450 

Max. pay load t 1000 880 960 

Loading factor* % 50 40 60 

Average no of wagons 
 

18 17 13 

Max. speed (today/future) km/h 120 120/ 160 120/ 160 

Average main line speed (incl. stops) km/h 50 50 55 

Average transport speed km/h 13 20 25 

No of marshalling points 
 

3 0 0,5 

Wagon types 
 

CMW CMW & EMW 
(90:10) 

EMW 

Total operational cycle time for one trip 
for locomotives/ wagons 

h 45 / 75 25 / 75 25/ 55 

Average km per year for locos/ wagons km/h 100.000 / 60.000 100.000 / 60.000 180.000 / 90.000 

 
What is striking about this compilation of empirical values of rail freight transport is the low degree 
of utilisation in terms of length, tonnes and load factor of the customer-related block train 
(Customised Block Train). Today, mainly factory transports are bundled under this heading. This has 
little in common with a block train in the sense in which this term is used in [Reference D1.1 FR8Rail]. 
There, the block train is defined as a fixed train formation whose transport capacity is marketed on 
fixed routes and which is precisely not customer-specific. We will come back to the effect of this 
definition on the specific parameters. 
 

Table 5.  Reference f reight w agon t ypes  

Reference parameter Unit Wagon types 

Core market Extended market 

Wagon Type 
 

Habbins 345 Sggrms 715 

Tara weight t 26,5 30 

Gross weight t 90 94 

Max. pay load t 63,5 64 

Max. axle load t 22,5 20 

No of axles 
 

4 6 

Length m 23,3 34,0 

Max. speed km/h 120 120 
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In addition to the operational modes and technical equipment handling times or process times in 
general were added to different procedures along one route (see Figure 12). The long process times 
and the numerous process steps lead to very low average transport speeds which is one major 
competitive disadvantage of rail freight today. Today, an average speed of 50 km/h on the main line 
plus additional process steps and times lead to an average transport time 27 to 48 hours for a route 
length of 600 km. Thus, the average speed in relation to the total transport distance is between 13 
and 25 kilometres per hour. Besides this poor performance in terms of time it considerably reduces 
the productive utilisation of wagons, locomotives, staff, yards and terminals. This extremely low 
productivity has, moreover, also led in recent decades to a situation in which procurement has been 
largely influenced by the valuation of acquisition costs ς the lower the better ς and has therefore not 
resulted in any significant new technologies being introduced. 
 
 

 

Figure 12. Freight transpor t process and reference t imes  

 
In addition to the process times, parking times for wagons (30h) and locomotives (10h) were added 
in a further step to evaluate the effective use of these assets for the base scenario. 
 
 

7.1.2 Assumptions for the Simulation 

 

Table 6.  Dif ferent k ind of  LCC i mpac t by TDs  

Kind of LCC impact LCC-parameter TD Assumed 
Improvement 

Direct LCC-impact Capital costs 
Maintenance costs 
Energy costs 
Train driver costs 

TD 5.3 Wagon, 5.4 Loco 
TD 5.3 Wagon, 5.4 Loco 
TD 5.1 DAS, 5.3 Wagon 
TD 5.1 ATO 

See next table 

Impact on transport 
process time 

Loco-km per year 
Wagon-km per year 

TD 5.2 Transport management 
TD 5.3 Wagon 

+45 % 
+30 % 

Impact on  
max. pay load 

Max. wagon pay load 
per train length 

TD5.3 Wagon +15 % CMW 
+35 % EMW 

Impact on  
wagon loading factor 

Loading factor TD5.2 Transport management 10% 

 
 

Departure terminal

Diesel shunting loco

Main line 1 (300km) Marshalling Main line 2 (300km) Destination terminal

Loading

6h

Shunting

0,5h 

Shunting

0,5h

Unloading

6h

Wagon& 
brake test

1h 

Driving

3h 

Driver 
change

0,3h

Driving

3h 

Driving

3h 

Driver 
change

0,3h

Driving

3h 

Marshalling/ 
shunting*

3 x 7h /0,5h*

Electrical loco

50km/h

13 ς25 km/h  (27 ς48 h)

* Combined traffic
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Table 7.  TDs with d irect i mpact on LCC  

TD Asset Cost component Impact Explanation 

5.1 CBM CBM Locomotive Maintenance costs -10 % Target 

5.1 ATO Operation Train driver costs -90 % ATO on main lines 

5.1 DAS Operation Energy costs -10 % Energy efficient driving, less stops 

5.3 Wagon Core market wagon Capital costs +20 % Prototype, digitalisation, automatic 
coupling 

  
Maintenance costs - 5 % CBM 

  
Energy costs 0 % 

 

 
Extended market 
wagon 

Capital costs +20 % Lightweight, digitalisation, 
automatic coupling 

  
Maintenance costs - 25% Reduced axles, CBM 

  
Energy costs -40% 

at 
equal 
speed 

Improved aerodynamics, but 
higher speed 

5.4 Loco Main line loco with 
last mile propulsion 

Capital costs +10% Last mile propulsion 

  
Maintenance costs +10% Last mile propulsion 

 
 
The reduction of transport time (see Figure 13) is not only an essential lever to increase the capacity 
of the network infrastructure, it also has a noticeable impact on the LCC. This is because shorter 
transport times also increase the effective use of assets - i.e. productivity. Conversely, less rolling 
stock is required for the provision of services, which reduces the investment share of the LCC. 
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Figure 13. Improvements of  transpor t t ime  by operational mode  

 
 

7.1.3 Results for specific Cost of Transport (LCC approach) 

.ȅ ƳŜŀƴǎ ƻŦ ǘƘŜ Ltр ǎƻƭǳǘƛƻƴǎ ǘƘŜ [// ŦƻǊ ŦǊŜƛƎƘǘΣ ƳŜŀǎǳǊŜŘ ƛƴ ϵκǘκƪƳΣ Ŏŀƴ ōŜ ǊŜŘǳŎŜŘ ōȅ ŀōƻǳǘ ор ҈ 
across all operational modes if all innovations are implemented in the market (see Figure 14). This 
reduction of LCC is mainly driven by  

¶ Improved utilisation of rolling stock material (locos and wagons (km/a)) due to reduced 
transport process time in the terminals, yards and on the main line 
(prerequisites: IVG, wagon electrification, automatic coupling, real time yard and network 
management, increased wagon speed and ATO) 

¶ Increased pay load due to reduced wagon tare weight 

¶ Automatic train operation (GoA4) on main line  

¶ Improved loading factor due to digitalisation of processes 
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Figure 14. Improvements of  LCC  by operational mode  

 
 
It should also be mentioned that the higher specific costs of the customer-related block train shown 
in the simulation are due to the choice of parameters and the measured variable. This has already 
been explained in the empirical data. The costs are measuǊŜŘ ƛƴ ϵŎǘκǘƪƳΦ !ǎ ǘƘŜǎŜ ǘǊŀƛƴǎ ŀǊŜ ǳǎǳŀƭƭȅ 
customer-specific trains for factory transports, the tonnage is lower relative to many single wagon 
transports and the load factor is below 50% due to the missing load for the return transport. The 
potential of a real block train service in the P2P and CTL modes is not reflected by this consideration. 
This will be discussed in chapter 7.2. 
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7.1.4 Results for Capacity 

This key performance indicator is determined by two inputs ς the capacity of the train and the 
capacity of the line. Thus, not only IP5 solutions are relevant to raise the capacity of the railway 
system. But also, solutions from IP2 (e.g. ETCS level 3) must be considered. The following table shows 
the impact of IP5 solutions on capacity gains. 
 

Table 8.  TDs with i mpact on f reight capaci ty  

TD Demonstrator Parameter Assumed 
capacity 
Impact 

Remark 

5.2 Transport 
management 

Real time network 
management 

Loading factor + 10% 
 

5.3 Wagon CMW 
EMW 

Pay load per 
train length 

+ 15% 
+ 35% 

Due to reduced tare weight 

 
Wagon 
electrification 

Line capacity + 10% Additional daytime slots for 
fast freight trains with 
improved braking system 

5.4 Locomotive Long freight train Train length  + 15% 50% of trains shorter than 
350m (< 30%) are coupled 
on high density lines 

Total Impact IP5 
  

45 ς 70% 
 

 
 

7.1.5 Results for Punctuality 

The punctuality of a train is influenced by numerous factors, as shown in Table 9: 
 

Table 9.  TDs with i mpact on p unctua l i ty  

TD Demonstrator Delays due to Parameter 

5.1 Digitalisation ATO Train driver 
unavailability 

Train driver unreliability 

 
CBM Loco failure Main line loco unreliability 

5.2 Transport 
management 

Intelligent video gate Process delays Terminal unreliability 

 
Real time network 
management 

Main line delays Main line unreliability 

 
Real time yard management Process delays Yard unreliability 

5.3 Wagon CBM/ Intelligent wagon Wagon failures Wagon unreliability 

 
Initial assumptions are that punctuality will increase from 70 to 80%. However, these significant 
improvements presuppose that the train uses its intended slot. The switch to an alternative slot, on 
the other hand, is marked by further dependencies. The on-time disposition of the train drivers is a 
decisive factor here. 
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7.2 Sensitivity Analysis with Cost Model for Rail Freight Transport 

7.2.1 Idea and Proceeding 

The previous chapter discussed how the technical innovations from Shift2Rail affect the costs of rail 
freight transport. However, the underlying calculation model can also be used to simulate further 
effects and, in particular, to estimate the economic impact of the production modes from FR8Rail in 
combination with technical innovations. This will be done with the parameter study in this chapter. 
For this purpose, the parameters of the cost model are adjusted accordingly and the results 
determined in this way are compared with each other.  
 
In addition to the effect of individual measures, it is also a question of comparing entire production 
processes with their technical solutions in order to be able to correctly assess the entire potential of 
the Shift2Rail innovations. 

7.2.2 Distance Efficiency an underestimated Parameter  

A previously undiscussed factor influencing transport costs is the ratio of trans-distance to the actual 
distance travelled. It is obvious that the modes of transport are tied to the infrastructure; this also 
applies to the aircraft, which cannot provide transport services without airports. As the crow flies, 
distance is therefore theoretically but not practically relevant as an absolute reference, especially 
when land transport in Europe is to be compared.  
 
Since the road network is much better developed and every relevant delivery point can be reached 
by road, the road/rail comparison is based on the transport distance in road kilometres.  
 
The rail network, on the other hand, is much more widely spread across the country and has only a 
limited number of access points at which goods can be loaded and unloaded. In addition, the railway 
network is much older than the road network and therefore no longer corresponds to the changing 
freight traffic flows in terms of capacity, transport relations and loads. As a result, a longer transport 
distance in train-path kilometres must be assumed for the same transport compared to road. For this 
reason, the specific transport costs in tkm from chapter 7.1 are not suitable for the comparison of 
road and rail. In a classical goods train production model with multiple changes of train configuration 
as is the case in single wagon transport, this can have a significant impact on transport costs because 
the train formation facilities for today's shunting are only located in a few places. The distance 
efficiency defined as the quotient of the transport distance of road compared to rail can be 
significantly lower, as the fictitious example in the following figure shows. 
 

 

Figure 15: Dis tance ef f ic iency  
















































































